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WI ABSTRACT 
Dihydroxy-terminated copolyformals formed frcm 
A. formaldehyde and 
B. a dioI comorwmer mixture of 

(1) 1. ,2-bis(2-hydroxyethyl)- 1 J-dicar- 
badodecaborane( 12) and 

(2) a nitrodiol which is HOCH2CH2N(NU7_)CH7_C- 
HzOH, HOCH2CEIzN(N02)CH2C!N02)$2H$- 
H20H, WOCH2C~~N(NO2)CH2CW2N- 
(NO$HzCH2UH, HOCH~C(NO@x$xH- 
SH2C(N02)2CHzW HOC&CH2N- 
(NQ2)CH2C(N02)2CH2N(N02)CH2CH20H, 
HOCH2C~2C(NQ2)~CH2N(N02)CEf2C- 
(NQ2)2CW2CH2UH, WOCH2CH2C&C(N03)2C- 
H2UCn2OC~2C(NU2)~CH2CW2CW20~, 
HOCH~CHZN(N~~)CW~C(NO~)~CH~~CH- 
~~CH~C~NOZ)~CEXZ~(NO~)CH~CH~~H, or mix- 
tures thereof. A fraction of the nitrodiol may be 
repIaced with ~II equal number of moles of a 
fluorodiol which is HOCH~CF~CF~CF$X3#l, 
HOCH2CF2CF2CF7CF~CH~~~, HUCH$ZF(CF- 
3)0CFtCF2CF2CH~OH, or mixtures thereof. 

19 Claims, No Drawings 

A statutory invention regktration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advetise- 
merit or the lae may use the term patent, or any term 
suggestive of a patent, wheo referring to a statutory ina 
vention regMration. For more specific ilxformation on the 
rights associated with a statutory invention registration 
see 35 UAC. 157, 
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BACKGROUND OF THE INVENTION 
c This invention relates to copolyformals and more 
particularly to copolyformals c&aining carborane and 
^ pal ynitro&yl groups. 
._. freviuusly, cartmane based burning rate modifiers 
have been incorporated in pcopeknt compositions as 
separate species, physically dissolved in the binder. This 
has permitted crystallization and migration of the bum- 
tig rate modifier within the propellant composition and 
across interfaces with adjoining materials, resulting in 
nonuniform distribution of the carborane compound 
>within the propellant compositions. 
I U.S. Pat. No. 3,258,479 discloses the poIym&ation 

of 1,2-bis(2-hydroxyethyl)-l,Z-dicar- 
badodecaborane( 12), BloH&(CH$X$XI)]2, with 
either 0 1,2-bis(carboxymethy~)~l,2-dicar- 
badodecabor~e(ll~9 B10Hlo[C(CH2CUOH]2, or (b) the 
corresponding acid ctzloride I3 I&o[C(C&CUC~)]~ to 
form a polyester whkh is us&l in solid rocket propel- .> * 
Iants. US Pat. No. 3,X 1,593 discloses the reaction of 
i~2-bis(hydroxyet~yl)- 1:2-dicarbadodecaborane( 12) di- 
isocyanate of the formula B toH ro[C(N=C=O)]2 to 
produce a polyurethane which is useful in solid rocket 
propellants. Because of their physical properties these 
polymers are not suitable as binders for many solid 
propellant applications. Moreover, the dicarborane 
c&tent of these polymers is fixed and can not be tai- 
lored to a variety of applications. 

Tt would be desirable in polynitroalkyf propellant 
binders to tie down the carborane based burning rate 
modifiers in a uniform distribution and thus achieve a 
rnure uniform burning propellant. Et would also be de- 
sirable to vary the carbarane content of propellant bind- 
ers in controlled amaunts. 

SUMMARY OF THE INVENTZON 
Accordingly, an object of this invention rs to provide 

new polymeric binders for propellants. 
Another object of this invention is to provide poIy- 

fluoroaIkyl diol prepolymers with carborane groups 
bonded to Efie backbone of the prepolymers. 

A further object of this invention is to provide pro- 
pellant compositions with carborane groups which will 
not migrate or crystake out. 

Yet another object of this invention is to provide 
means fur tailoring the burning rates of propellant com- 
posites by varying the carborane content and distribu- 
tion in a uniform, predictable manner. 

These and other ubjectives of [his invention are ac- 
complished by providing a dihydroxy-terminated copo- 
Iyformal prepolymer rormed from 
A. formaldehyde and 
B. a dio1 comonomer mixture of 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

(9 1 ,&bis(2-hydroxyethyl)- 1,2-dicar- 60 
badodecaborane( 12) and 

(2) a nitrodiol which is HOCH2CH2N(N02)CR2Ca 
&CM, HOCH~CH2N(NQ2)CH1_C(N02)2CH2C- 
HzUH nUCH2CH2N(N02)Cnl_C~~~- 
(N02)CW$X20W, EIOCH2C(N0&zH20~K 65 
20CH;2C(?Q)~CH2OH HOC&CH~C- 
(NO~)~CH~N(NO~)CH~C(NOZ)~C~~CH~~H, 
HOCH2C~~C~~c(Nu~)~c~~~c~~~c~~c- 

2 
(Nc?*)~CH2CH~CH~uH, HOCH2CH~N- 
(NO7)CH2C(NO1_CH2UC~20CW2C- 
(NO~)ZCH;!N(N~~)CH~CH~OH, or mixtures 
thereof, 

wherein 1,2-bis(2-hydroxyethyI)w 1,2-dicar- 
badodecaborane(l2) comprises from more than zero to 
less than 50 mole percent of the did comonomer mix- 
ture with the nitrodiol being the remainder, and 

wherein the terminal functional groups of the copoly- 
formal are hydroxy groups. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODI>IENT 

The polymers of the present invention are prepared 
by the polycondensation of 1,2-bis(Z-hydroxyethyl)-1,2- 
dicarbadodecaborane( 12) and a nitrodioi with formal- 
dehyde in sulfoiane with a boron trifluoride erherate 
catalyst. The resulting carborane and nitro monomeric 
units will be distributed more or less randomly in the 
polymeric chain with forma1 I-K&O-) linkages 
between monomeric units. Due to the absence of side 
reactions in the propagation and termination steps of the 
polymerization reaction, the copolvformals described 
here are nearly 100 percent difun&ional and exclusively 
terminated by hydroxy groups. This characteristic is 
useful because it results in reproducible curing in cast- 
curable compositions, and because it permits the synthe- 
sis of w&defined block copolymers. The carborane 
units are fairly unifotiy’distributed in selected concen- 
trations and are bonded to the backbone of the copoly- 
formal and thus will not migrate. 

The carborane containing monomer used in the copo- 
lyformals of this invention is 1,2-bis(&hydroxyethyI)- 
Z’,2-dicarbadodecaboranef 12) which is also called 1,2- 
diethanol-l,Zdicarbadodecaborane( 12) and which has 
the chemical abstracts identification number 
238 10-37-9, 

R, P. -4lexander et al in U.S. Pat. Yo. 3,158,656 enti- 
tied “Organoboron Akohok and their Preparation,” 
disclose methods of preparing this akohol, herein incor- 
porated by reference. The patent also discloses the 3 
dimensional structure of the dicarbadodecaborane alto- 
hol. In this specification the shortened formulas 
B mho[CIC~2CW~T-T)12 ~r 

HQCH2CH~C------- 
\ / 

C-CII2CH20H 

will be used to designate 
dicarbadodecaborane( 12). , 

1,2-bis(Zhydroxyethyl)- 1,2- 

The dihydroxy-terminated nitrodiols which may be 
used in the diol cornonorner mixture include 
ill 3-nitro-3&apentme- 1,5-dial, HOC&CH2N- 

(2\;U2)CH2CH20W; 
(2) 3,5,5-trinitro-3-azaheptane-1,7-dioi, HOCH2C&N- 

(~u~)CW;C(N02)~cH2c~~~~; 
(3) 3,6-dinitro-3,6diazaoctane- 1 &diol, HOCW$H$$ 

(fU’02)CET2CH7N(N02)CH7_CW50H; x 
(4) 2,2,8,8-tetranilro-~,6-dioxanonane-l,9-diol, 

IfOCH2C(NO2)?CH2OCH20CH2C(NO~)ZCH1OH; 
(5) 3,5,5,7-tetranitro-3,7-diazanonane-1 ,%diol, 

HOCHzCH:!N(N02)CH~C(NOzj~CH2N- 
(NO1,)CH2CH20H; 

(6) 3,3,5,7,7-pentanitro+azanonane-I,%diol, 
HOCff2CW2C(N02)2CH2N(N02)CH2C- 
(N02)zCH2CH20H: 



H786 + + 3 
(9 4,4,10, IU-tetranitro-6,8-dioaattidecane- 1,13-dial, 

B 

d 

HOCH2CH2C~2C(NQ2)2CH~~CH2~C~~C- 
‘ia (NQ~)2CH2CHzCH2OH; 

(8) 3,5,5,11,1~,13-hexanitro-3,13-diaza-7,9-dioxapenta- 
decane-l,lMioI, 5 
HOCH~CH-LN~O~)CH~C(N~~)~CH~OCH- 

20CH2C(NQ2)2C~zN(NU2)CH2CH20H; or mixtures 
thereof. 

Preferred among these nitrodiots are HQCH2CH2N- 
(NO2)CE3i2C13[2N(NQ2)CH2CN[20~, HUC&CHzN- lo 
(N02)CH2C(N07,)2CH2N(N02)CW2CH2QH, 
~~CH2C~02)2CH20CH20CHzCINO2)2CH20H, 
and ~~OCH~CH~N(NO~)C~~C(N~Z)~CH~OCW- 
20CH2C(N02)2CH2N(NU2)CH~CH;!OH. 

1,2-bis(2-hydroxyethyt)- 1,2-dicarbadodecaborane( 12) 15 
comprks from more than zero to less than 50, prefera- 
bly from more than zero to 30, more preferably from 
more than zero to 20, and still more preferably from 
more than zero to 10 mole percent of the dial comono- 
mer mixture, with the nitrodiol comprising the remain- 20 
der. Again, the monomeric units produced from these 
dials will be more or less randomly distributed in the 
copolyformal chain with formal (-UCH20-) links 
between diol monomeric units. The copolyformal is 
treated to convert terminal hemifurmai (--C&(X& 25 
$3H) groups into termiml hydroxy groups -CH$IH. 
This can be done with Hz02 as in the examples. This 
treatment improves the stability of the end groups and 
the stability of the polymers. 

The copolyformals of this invention can be modified 30 
by replacing from more than zero to less than 50, and 
preferably from 10 to 30 percent of the nitrodiol with an 
equal number of moles of a fluorodiol which is: 
(0 2,2,3,3,4,4-hexafluoropentane- Z ,5-dial, 

HUCH2CFzCF2CF$ZH20H; 35 
0 2 2,2,3,3,4,4,5,S-actafluorohexane-I,&dial! 

HQCM2CF2CF2CF2CF2CH20H; 
(3) 2,4,4,5,5,6,6-heptafluoro-2-trifluorome~hyl-3- 

oxaheptane-1,7diol, HOCM$ZF(CF- 
s)UCF2CF2CF2CW@H; or mixtures thereof. The 40 
substitution of the fluorodiol lowers the gk transi- 
tion temperature (TG) of the copolyfurmal. 
ExampIes 1 through 3 illustrate the conditions for 

preparing the copoiyformals of this invention. The 
fMlycondensation of mixtures of the 1,2&is(2-hydroxye- 45 
thyl)-1,2-dicarbadodecaborane( 12) and nittodiol with 
formaldehyde is accomplished at room temperature in 
sulfolme with a boron trifluoride etherate catalyst The 
boron ttifluoride etherate is added slowly to a mixture 
of the titrodiols, formaldehyde, and sulfolane to pre- 50 
veat overheating. ,4fter completion of the reaction, the 
copoiyfurmal is isolated as de&bed in the examples 
The same procedure is used when a minor fraction of 
the nitrodiol is replace with a fluorodiol as discussed 
hNe. 55 

The copolyformals of this invention preferably have 
a numkr average molecular weight of from about loo0 
to about 4ooo and more preferably from 2ooO to 3ooO. 
The average molecular weight may be adjusted by 
varying the stoichiometry (ratio of formaldehyde to 60 
dials) and reaction conditions (amount of BFJ etkrate 
and solvent, temperature). 

The general nature of the invention having been set 
forth, the following examples are presented as specific 
illustrations thereof It will be understood that this in- 65 
vention is not limited to these specific examples but is 
susceptible to various modifications that will be recog- 
nized. by one of ordinary skill in the art. 

4 
EXAMPLE 1 

Poly(3,5,5,11,11,13-hexanitro-3,13-diaza-7,9-dioxapen- 
tadecane- 1, 15-dial 

formal-co- 1,2-bis(2-hydroxyethyl)- 1,2-dicar- 
badodecaborane( 12) formal); 90: 10 

Under a nitrogen blanker, 2.74 g (5.27 mmol) of 
3,5,5,11,11,13~hexanitro~3,13-diaza-7,9-dioxapentadec- 
ane-1, E-dial and 0.140 g of I ,2-bis(2Aydroxyethyl)- 1,2- 
dkarbadodecaboranc( 12) were dissolved in 3 mL of dry 
sulfolme (4A molecular sieves) with warming. After 
cooling to rc0m temperature, 0.16 g of trioxane (formal- 
dehyde) was added followed by dropwise addition of 
0.6 mL of BF3 etherate. After stk-ring 15 hours at 20’ C., 
15 mL of dichloromethane was added and the solution 
was stirred with 20 mt of water and 0.5 mL of 30% 
Hz@ for 3 hours. The orgark phase was separated and 
stirred with 20 mL 1% aqueous KWI+0.25 mL 30% 
Hz@. ,4fter phase separation, the dichloromethane was 
evaporated and the remaining polymer was triturated 
with 25 mL portions of water at 35”-4U” C. (adding 3 

few mL of dichloromethme to permit stirring, if neces- 
sary) until no sulfolane was detected by NMR (proton 
spectrum, Varian 390 90 MHz instrument). The poIy- 
mer was finally redissokd in dichluromethane, the 
solution stirred with a small amount of silica gel (Kiesel- 
gel 60) overnight, filtered, and evaporated to give 2.2 g 
(approx. 80%) of a yellowish, hard glass. The polymer 
had ~~=2160. 

EXAMPLE 2 
The procedure of exampk 1 was repeated using a 

80:20 molar ratio of 3,5,5,11,11,13-hez;anitro-3,13-diaza- 
7,9-dioxapentadccane- 1,lSdiol to 1 ,2-bis( 2-hydroxye- 
t hyl)- 1 ,2-dicarbadockaborane( 12). The yield was ap- 
proximately 80%, the M,v was 2 115. 

EXAMPLE 3 
The procedure of example 1 was repeated using a 

70:30 molar ratio of 3,5,5, i 1,l 1,13-hexanitro-3,13-diaza- 
7,9-dioxapentadecane- 2,ISdiol to 1,2-his@-hydroxye- 
thyl)- 1,2-dicarbadodecaborane( 12). The yield was ap- 
protimately 80% the &was 1748 and the glass transi- 
tion temperatUre UC) Was 5” c. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teackgs. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced &he&se than as specifically described 
herein. 

We claim: 
1. A dihydroxy-terminated copolyformal formed 

from 
‘A, formaldehyde and 
B. a dial comonomer mixture of 

(1) 1,2-bis(2-hydroxyethyl)-l,Z-dicar- 
badodecaboranet 12) and 

(2) a nitrodiol selected from the group consisting of 
HQCH2CH2N(N02)CH2CH10H, HUCH7,C&N- 
(NOz)C~7_C~~~)7_CW2CH20H HOCHXHzN- 
(NUt_)CH2CH2N(NO?_)C~~C~2~~, H&H2C- 
(NO~)zCEIzOCH2OCH2C(NO2)2CH70H, 
HOCH2CM2N(NO;1)CH2C(N02)2CHzN- 
(NOZ)CI~~CH~OH, HUCH2CH2C(Ml2)~CH2N- 
(N~~)Cn~C(N07_)~CH~CH~~H, 
HUCHtCH2CH2C(~02)1CH2~CH2~CH2~- 
(NO~)9f2CHzOH, HOCH2CH2N(N02)CH2C- 
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(NU~_)~CH?,UCH~OCH~C(NOZ)~CH~N- 
(NO&C&CH20H, and mixture thereof, 

wherein 1 &bis(2-hydroxyethyl)- I ,2-dicar- 
badodecabotane(l2) comprises from more than 5 
zero to less than 50 mole percent of the dioI cmml 
namer mixture with the nitrudiol being the remain- 
der, and 

wherein the tedal functional groups of the copoly- 1. 
formal are hydruxy groups. 

2. The copolyformal of claim 1 wherein 1,2-bis(2- 
hydroxyethyl)-1,2-dicarbadodecaborane( 12) camptis~ 
from more than zero to 30 mole percent of the dial 
cumonumer mixture with the nitrodiol being tkr! re- I5 
mainder. 

3. The copolyfurmal of claixn 2 wherein 1,2-b&(2- 
hydroxyethyl)4,2-dkarbadodecaknarre( 12) comprises 
from 1 to 20 male percent of the dial comcnomer mix- 7,~ 
ture with the nikrodiat being the remainder. 

4. The copolyformaI of claim 2 wherein l,Mk(2- 
hydroxvelhyi)- 1,2mdicarbadodecaborane( 12) comprises I 
from 3 to 10 mofc percent of the dio1 camonorner mix- 25 
ture with the nittodiol b&g the remai.nder. 

5, The copolyGxm~1 of cfaim I wherein the nitrodiol 
is HOCHlC~L~~(NOZ)CMZCH20H. 

6. The copoIyformaf of claim I wherein the nitrodioI, 

7, The copolyforma! of claim I wherein the nitrodiol 
is HOCH~C~2N(N023CHzCHzN(NQz)2CH2CHzO~. 

8. The cqolyformat of claim 1 wherein the nEtrodio1 
is MOCH~C(NO~)~CH~uCH~QCH~C(NOa)~C~~Q~~ 35 

45 

50 

60 

65 


